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Abstract

Antimicrobials are powerful weapons against bacterial infection. Since the first
antibiotic, penicillin, was discovered and applied to clinic, people have developed many
kinds of antimicrobial agent. However, drug-resistance is becoming increasingly
serious due to misuse and overuse of antimicrobials. The emergence of multi-drug
resistant bacteria is a severe threat to human health. This emergency necessitates the
urgent development of novel antimicrobials to cure infection caused by multi-drug
resistant bacteria. Development of novel antimicrobials in traditional way is costly,
risky, and time-consuming so that pharmaceutical industrials are reluctant to invest in
antimicrobial research and development. Repurposing of an existing drug for
antimicrobial use is a new method to develop novel antimicrobials. Since these drugs
are either already approved or are in late stage clinical trials, abundant safety profiles,
pharmacokinetics, and dosing/formulation issues have been established, which greatly
reduces the costs and risks of antimicrobial development. The morbidity and mortality
of Clostridium difficile infection (CDI) have increased dramatically due to overuse of
broad-spectrum antimicrobials. Since CDI has shown resistance to traditional
therapeutic agent, vancomycin and metronidazole, development of novel antimicrobials
against Clostridium difficile that is resistant to multiple antibiotics is urgently needed
to control CDL

LMP-027(Tirapazamine,TPZ) is an anticancer drug that is in clinical trial. It is
characterized as being highly selective toward hypoxic cells. We found that TPZ has
antibacterial activity against aerobic, facultative anaerobic and anaerobic bacteria,
especially against Clostridium difficile. The minimum inhibitory concentration of TPZ
against Clostridium difficile was 15 ng/mL and TPZ is rapidly bactericidal, with
maximal lethality achieved 30 minutes after drug administration. Since TPZ has been
developed as an anti-cancer drug that has a much less stringent requirement on adverse
effect, we also tested the antibacterial activity of a TPZ derivative, 20q, reported having
an improved toxicity profile. The MIC of 20q against Clostridium difficile is nearly 65-
fold higher than TPZ, therefore 20q presented poorly antibacterial activity compared to

TPZ. In order to enhance antibacterial effect of TPZ, we tried drug combination therapy



and found that TPZ in combination with auranofin or dehydroascorbic acid, was at least
additive in bacterial growth inhibition and was synergistic in bacterial killing.
Auranofin and dehydroascorbic acid showed similar antibacterial effect against
Clostridium difficile. The mechanism of TPZ for mammalian cells is thought to derive
from DNA damage. How TPZ kills bacteria is not well understood. Since TPZ -resistant
mutant are difficult to select, we enriched and screened TPZ tolerant mutants and found
point mutations in genes encoding a CoA binding domain protein and an Rrf2 family
transcription regulator that probably represses cysteine synthesis, indicating that the
tolerant pathway may involve CoA metabolism and thiol pool. In conclusion, TPZ has
excellent activity against Clostridium difficile and is a promising candidate for
treatment of CDI.

Key Words: Tirapazamine; Clostridium difficile; Drug-repurposing
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